P2X7 receptors are present in presynaptic membranes of motor synapses, but their regulatory role in modulation of neurotransmitter release remains poorly understood. P2X7 receptors may interact with pannexin 1 channels to form a purinergic signaling unit. The potential mechanism of P2X7 receptor-dependent modulation of acetylcholine (ACh) release was investigated by recording miniature endplate potentials (MEPPs) and evoked endplate potentials (EPPs) in neuromuscular junctions of wildtype (WT) and pannexin 1 knockout (Panx1
Introduction
P2X7 receptors belong to the family of ATP-gated ionotropic P2X receptors. Unlike other P2 subtypes, these three-subunit ion channels are activated by high concentrations of extracellular ATP and highly permeable for calcium cations [1] . P2X7 receptors are widely present in both neurons and glial cells in the CNS [2] [3] [4] [5] [6] , and their role in neurodegenerative processes is well described [1, 4, 7] . Moreover, P2X7 receptors were found in presynaptic terminals in different areas of the CNS where they supposed to modulate neurotransmitter release [3, 8] . Typically, this modulation potentiates synaptic transmission and is associated with an increase in the intraterminal calcium concentration [6, 9] . In addition to providing direct calcium influx into the presynaptic compartment, P2X7 receptors may initiate the activation of calcium-dependent intracellular signaling pathways due to the presence of cytoplasmic calmodulin-binding sites [4, 10] .
At neuromuscular junctions (NMJs), the expression of P2X7 receptors at the presynaptic membrane has been demonstrated [11] . However, data concerning the role of these receptors in the regulation of acetylcholine release in motor synapses remain scarce, fragmented, and rather controversial. According to experiments with FM1-43 dye unloading by spontaneous exocytosis of cholinergic synaptic vesicles, tonic activation of P2X7 receptors by their agonist BzATP facilitates the rate of spontaneous ACh release [11] . However, in electrophysiological experiments performed in frog NMJs, BzATP induced no changes in the evoked secretion of ACh [12] . We assumed that the adequate assessment of P2X7 receptor activity in motor synapses would require taking into account their functional cross-talk with other types of purinoreceptors, which are localized at motor nerve terminals. At mammalian NMJs, endogenous ATP and various products of ATP hydrolysis (including adenosine) predominantly depress ACh release, acting via A 1 adenosine receptors and P2Y13 receptors during synaptic activity [13, 14] . We suggest that the pattern of P2X7 receptor activity and the functional consequences of their activation in NMJs might be more easily elucidated when the simultaneous activation of other purinoreceptors by endogenous purines is abolished.
Recently, we demonstrated that the suppression of evoked ACh release, mediated by presynaptic A 1 and P2Y13 receptors, depends strictly on the presence of the membrane channel protein pannexin 1 (Panx1), which acts as a synaptic ATP/ adenosine supplier. At NMJs of Panx1 −/− mice, which lack endogenous ATP/adenosine delivery to the synaptic cleft via Panx1 channels, the A 1 -and P2Y13 receptor-mediated inhibition of evoked ACh release was completely abolished [15] . Possible alterations in neuromuscular synaptic transmission due to activation of P2X7 receptors under these conditions remain to be elucidated. In the present work, we sought to clarify the roles of P2X7 receptors in different patterns of purinergic signaling and functional states of mouse motor synapses. Our data showed that, in contrast to WT, stimulation of P2X7 receptors at NMJs of Panx1 −/− mice resulted in enhancement of evoked ACh release via a presynaptic signaling mechanism that included activation of calmodulin, calcium/ calmodulin-dependent kinase II, and L-type of voltagedependent calcium channels (VDCCs).
Materials and methods

Animals
All experiments were performed on isolated hemidiaphragm neuromuscular preparations (m. diaphragma-n. phrenicus) of age-matched adult (7-8 weeks old, weighing 25-30 g) wildtype mice (strain C57BL/6, WT) or pannexin-1 knockout mice (Panx1−/−) of either sex. The Panx1−/− mouse strain was developed by V.I. Shestopalov and thoroughly analyzed as described previously [16] . All animal handling and experimental procedures were carried out in full accordance with the EC guidelines (Directive 86/609/EEC on the treatment of laboratory animals). Mice were housed under a 12-h light/dark cycle with free access to water and food. The experimental protocol was approved by the Bioethics committee of the MSU Biological department. Mice were sacrificed by quick decapitation.
Electrophysiology
The left hemidiaphragm with attached phrenic nerve was excised and stretched in a 3-mL chamber perfused by oxygenated (95% O 2 , 5% CO 2 ) Liley solution (pH 7.2-7.4) containing the following (in mM): NaCl, 135; KCl, 4; NaH 2 PO 4 , 0.9; CaCl 2 , 2; MgCl 2 , 1; NaHCO 3 , 16.3; glucose, 11. Intact preparations were used when only spontaneous synaptic activity was studied. To record synaptic activity evoked by nerve stimulation, cut neuromuscular preparations were used to prevent contraction as well as to record both spontaneous and evoked endplate potentials from the same synapse [17] . Immediately after the transverse cutting of muscle fibers (before the recording of the synaptic activity), the preparation was thoroughly washed in a large volume (more than 150 mL) of Liley solution for more than 1 h to prevent the blockage of the action potential conduction. As a result, the recorded value of the resting membrane potential (RMP) was lower in cut fibers (≤ 50 mV) than in intact ones. Spontaneous miniature endplate potentials (MEPPs) and evoked endplate potentials (EPPs) were recorded using glass intracellular microelectrodes filled with 2.5 M KCl (tip resistance was 10-20 MΩ) and connected to a Neuroprobe Amplifier, model 1600 (A-M Systems, USA). The signals were digitized using an analog-digital converter E-154 (LCard, Russia) with a PowerGraph 6.0 interface. To study evoked synaptic activity, the phrenic nerve was stimulated by short (1 s) high-frequency (50 Hz) trains of suprathreshold pulses (the duration of each pulse was 0.08-0.1 ms). To avoid fatigue of synapses and consequent amplitude decline and alteration of the EPP pattern not related to the applied drugs, pauses of at least 4 min were maintained between nerve stimulations. In each synapse before the nerve stimulation, MEPPs were recorded for 100 s (mean value of the MEPP amplitudes recorded within this period was used for calculation of the quantal content of the EPP). All experiments were carried out at room temperature (20-22°C). Primary analysis was performed using MiniAnalysis software (Synaptosoft, USA). In control conditions, MEPPs and EPPs for at least five different synapses were recorded; after that, tested substances were added to the perfusion solution in the indicated order, and the activity of various synapses was recorded within 1 h of drug application. In each experimental series, no fewer than three neuromuscular preparations were used.
Drugs
The following drugs were used: 
Data processing and statistical analysis
The values of muscle fiber resting RMP, the amplitude and time course of MEPPs and EPPs, and the MEPP frequency were estimated. The amplitudes of MEPPs and EPPs in cut preparations were first normalized to the membrane potential of − 50 mV to correct for the changes in the driving force caused by the voltage shift upon the changes in the RMP [18] . In the intact neuromuscular preparations, on which only spontaneous synaptic activity was studied, MEPP amplitudes were normalized to − 70 mV. The quantal content of EPPs was calculated as the ratio between the mean normalized EPP amplitude corrected for nonlinear summation [19] and the mean normalized amplitude of MEPPs. Estimation of the readily releasable pool (RRP) size was performed using a sequential model, which assumes that the initial fall in quantal content reflects the continuous depletion of RRP and that the plateau at the end of the EPP train originates from the coupling between the RRP depletion and the recruitment of vesicles [20, 21] . At the initial phase of the depression (the decline in the quantal content of EPPs in the trains), 6-10 EPPs were used to plot the intersection with the x-axis (linear regression). The first and several subsequent EPPs at beginning of the trains, where facilitation was present, were not taken into account for the calculation of RRP size [21, 22] . The probability of release was calculated by dividing the quantal content of the first EPP in the train by the RRP size [22] [23] [24] . Statistical analysis was performed using GraphPad Prism 6.0 software. All data in the text and figures except the original recordings are presented as the means ± standard error of the means; n corresponds to the number of synapses in the group. The normality of the parameter distribution was verified by the D'Agostino-Pearson normality test. If two groups were compared, the significance between them was estimated by unpaired Student's t test when the distributions were normal (amplitude and frequency of MEPPs, RRP, and release probability) and the Mann-Whitney rank sum test when the distribution was not normal (rise time and half decay of MEPPs). The significance between three groups was estimated by using one-way ANOVA with the post hoc Holm-Sidak's multiple comparisons test when the distributions were normal (amplitude and frequency of MEPPs) and Kruskal-Wallis test with post hoc Dunn's multiple comparison tests if any of the three distributions was not normal. For the analysis of EPP amplitude and quantal content, two-way ANOVA with the post hoc Bonferroni correction was used.
Values of p < 0.05 were considered statistically significant.
Results
To study the possible involvement of P2X7 receptor activity in the modulation of ACh release in WT mice, we applied 1 μM A740003 (P2X7 receptor antagonist) to determine whether any basal activity of P2X7 receptors is present during the short, rhythmical EPP trains (1 s, 50 Hz) (Fig. 1a) . Such highfrequency stimulation resembles the motor neuron discharge pattern in vivo and is characterized by typical changes in EPP amplitude and quantal content during the train [25] [26] [27] . Within 1 h following the application of A740003, no changes in RMP, amplitude, and time course of MEPPs or their frequency were detected (Fig. 1b, c) . Moreover, the blockage of P2X7 receptors did not affect the quantal content of EPPs in short trains. The mean quantal content of the first EPP in the train was 33.49 ± 2.60 in the control (n = 15), and in the presence of A740003, it was 35.65 ± 3.00 (n = 16, р > 0.05) (Fig. 1d) .
In an attempt to selectively activate P2X7 receptors, we applied the agonist BzATP (30 μM). No changes were observed in RMP, MEPP frequency, their time parameters, and amplitude ( Fig. 1f, g ). Unexpectedly, BzATP did not cause any significant changes in evoked ACh release in NMJs from WT mice. The quantal content of the first EPP in the train was 26.92 ± 1.68 in the control (n = 18) and 26.62 ± 2.18 under BzATP (n = 18, р > 0.05) (Fig. 1h) .
Next, we used intact neuromuscular preparations for a more detailed electrophysiological examination of the possible effect of BzATP on spontaneous ACh secretion in WT NMJs. In contrast to findings obtained by using vital fluorescent lipophilic dye unloading from the nerve terminal [2, 11] , we did not find any significant changes in the parameters of spontaneous release. Within 1 h after the application of BzATP, the mean MEPP frequency (0.43 ± 0.03 Hz (n = 20)) remains unchanged relative to the control (0.45 ± 0.04 Hz (n = 16)). The amplitude and time parameters of MEPPs did not change. The mean amplitude of MEPPs was 1.65 ± 0.11 mV in control and 1.73 ± 0.09 mV under BzATP treatment (р > 0.05). MEPP rise time was 0.93 ± 0.06 ms in control and remained at the same level (0.93 ± 0.06 ms) during BzATP application. In control conditions, MEPP half-decay was 2.15 ± 0.11 ms and did not change significantly in the presence of BzATP-2.15 ± 0.10 ms (p > 0.05). Thus, neither inhibition nor activation of P2X7 receptors affected either spontaneous or rhythmically evoked synaptic transmission in NMJs of WT mice. We hypothesized that P2X7-mediated modulation of ACh release during a short train might require some special conditions. In an attempt to define these conditions, we studied evoked synaptic transmission at NMJs from Panx1 −/− mice. We reasoned that the lack of Panx1 may induce changes in the concentrations of ATP and its derivatives in the synaptic cleft [28] , which in turn may help with evaluating P2X7-induced effects on synaptic transmission. In support of this hypothesis, we have recently found that knockout of Panx1 does not induce any changes in quantal ACh release by itself, but it alters its purinergic modulation in NMJs [15] . Similar to that in WT mice, P2X7 receptor blockade with A740003 did not change both spontaneous and evoked release in NMJs of Panx1 −/− animals ( Fig. 2a-c) . The mean values of the first EPP quantal content in the control and in the presence of A740003 were 31.14 ± 2.03 (n = 19) and 30.80 ± 1.47 (n = 22, p > 0.05), respectively (Fig. 2d) . Application of BzATP to the neuromuscular preparations of Panx1 −/− mice did not induce any significant changes in MEPP parameters. However, in contrast to the lack of any modulatory effects on synaptic MEPPs in control (n = 18) and in the presence of BzATP (n = 18). h Changes in the EPP quantal content in control (n = 18) and upon application of BzATP (n = 18). Symbols, histograms, and error bars represent the mean ± SEM transmission when BzATP was applied to WT NMJs, the activation of P2X7 receptors by BzATP caused a uniform increase in quantal content throughout the EPP train in Panx1 −/− mice (for the first EPP in the train, from 25.88 ± 1.55 (n = 24) in control to 37.02 ± 2.01 (n = 26, p < 0.05) under BzATP) (Fig. 2e-h ). Next, we studied whether the potentiating effect of BzATP in NMJs of Panx1 −/− mice is mediated by its action on P2X7 receptors. In the presence of A740003 (1 μM), BzATP was unable to induce the increase in EPP amplitude and quantal content during the short train of EPPs (Fig. 3a) . These data suggest that the applied concentration of A740003 is active and can effectively block P2X7 receptors thus preventing their activation by BzATP and abolish BzATP-mediated increase on EPP quantal content.
To study the mechanisms that determine the BzATP-induced increase in EPP quantal content in the train of EPPs in NMJs of mice lacking pannexin 1, we estimated the changes in the size of the readily releasable pool (RRP) of vesicles participating in evoked ACh release and the probability of release. We found that the stimulation of P2X7 receptors in Panx1 −/− NMJs induced a 32% increase in RRP size-from 866.1 ± 60.8 in the control to 1198.0 ± 85.5 under BzATP (Fig. 3b, c) . The 26) . h Changes in the EPP quantal content in control and upon application of BzATP. Symbols, histograms, and error bars represent the mean ± SEM. *p < 0.05 compared to control probability of release did not change significantly in the presence of BzATP (Fig. 3c) .
In an additional series of experiments performed on intact neuromuscular preparations, we studied more thoroughly if activation of P2X7 receptors by BzATP may induce any changes in the parameters of spontaneous ACh release at NMJs of Panx1 −/− mice. As in the case of WT mice, application of -permeable channels of P2X7 receptors might provide calcium influx into the nerve terminal. Such influx can trigger signaling pathways, which, as shown in some CNS synapses, include activation of calmodulin (CaM) and calcium/calmodulinactivated kinase II (CaMKII) [8] .
To test for the activation of CaM and its participation in the signaling triggered by ВzATP-induced activation of P2X7 receptors in Panx1
−/− mice, we used the CaM blocker W-7. When applied by itself, W-7 (10 μM) caused no significant effect on spontaneous or evoked ACh release: the mean first EPP quantal content was 35.35 ± 2.44 (n = 15) in the control and 36.05 ± 1.97 (n = 18, р > 0.05) in the presence of W-7. However, the blockade of CaM completely prevented the enhancing effect of BzATP on EPP quantal content: for the first EPP in the train, the mean value of this parameter was 32.92 ± 2.27 (n = 19, р > 0.05) (Fig. 4a) . Next, we investigated whether CaMKII, one of the main targets of CaM, can mediate the P2X7-induced increase in evoked ACh release at NMJs of Panx1 −/− mice.
When applied alone, the CaMKII inhibitor KN-93 (3 μМ) did not cause any significant changes in the parameters of spontaneous and evoked ACh release. However, in the presence of KN-93, BzATP lost its ability to increase the EPP quantal content. For the first EPP in the short train, the mean quantal content was 34.63 ± 2.42 in the control (n = 22), 32.73 ± 2.41 during the application of KN-93 alone (n = 16), and 34.15 ± 2.16 following the application of BzATP in the presence of KN-93 (n = 17, p > 0.05) (Fig. 4b) . The specificity of KN-93 was tested using its inactive analog KN-92 (3 μM) as a negative control. The application of KN-92 was unable to prevent the increase in the EPP quantal content under the influence of BzATP (Fig.  4c) . The mean quantal content in the first EPP in the train was 28.97 ± 2.71 in the control (n = 22) and 28.35 ± 2.01 in the presence of KN-92 (n = 17), and it increased to 40.76 ± 3.93 (n = 15, p < 0.05) following the application of BzATP in the presence of KN-92. These data suggest that the stimulation of presynaptic P2X7 receptors may trigger a signaling pathway involving sequential activation of CaM and CaMKII. We next . n for each group are the same as in Fig. 2g . Symbols, histograms, and error bars represent the mean ± SEM. *p < 0.05 compared to control tried to evaluate possible targets of CaMKII activity, which may provide a uniform increase in quantal content of each EPP throughout the short, high-frequency train in the motor nerve terminals of Panx1 −/− mice.
It was previously suggested that presynaptic L-type VDCCs may be possible targets of CaMKII action followed by disinhibition of these channels with subsequent increase in evoked ACh release at mammalian NMJs [29] . To detect whether presynaptic L-type VDCCs are upregulated as a result of activation of P2X7 receptors followed by CaMKII activation, we tested the effects of BzATP when L-type VDCCs were blocked. First, we examined the effect of the L-type VDCC blocker nitrendipine (1 μM) on neuromuscular transmission in NMJs of Panx1 −/− mice. Nitrendipine alone did not alter both spontaneous and evoked ACh release during short trains. Under control conditions, the mean quantal content of the first EPP in the train was 25.30 ± 1.43 (n = 19) and remained at the same level-24.24 ± 1.22 (n = 21, p > 0.05)-within 1 h of nitrendipine application. In the next series of experiments, the activation of P2X7 receptors by BzATP in the presence of nitrendipine failed to increase EPP quantal content (Fig. 4d) . These results suggest that L-type VDCCs became unmasked (disinhibited) in NMJs of Panx1 −/− mice by stimulation of presynaptic P2X7 receptors and these L-type VDCCs became involved in the potentiation of evoked ACh release.
Discussion
Our studies have shown that the application of either an agonist or an antagonist of presynaptic P2X7 receptors does not change either spontaneous or evoked ACh release in motor synapses of WT mice. Consistent with these results, studies in frog NMJs have also shown that activation of P2X7 receptors by BzATP did not produce any change in the amplitude of multiquantal endplate currents [12] . On the other hand, it has been reported that BzATP induced an increase in vital dye destaining from mouse motor nerve terminals as the result of P2X7-mediated potentiation of spontaneous release of cholinergic vesicles [2, 11] . The discrepancy between electrophysiology results and those obtained using fluorescent dye might be due to the differences in recording methods and experimental conditions when spontaneous ACh secretion was studied.
There are several alternative explanations for the lack of changes in the parameters of rhythmically evoked postsynaptic potentials during activation or inhibition of P2X7 receptors in the WT NMJs. First, P2X7 receptors have the lowest affinity for ATP among P2 receptors and, unlike other P2 receptors, are not capable of being activated by ATP derivatives (ADP and AMP) [30] . Under the conditions of rapid hydrolysis of endogenous ATP in the synaptic cleft [31] , this low affinity prevents the effective activation of P2X7 receptors. Second, signaling cascades in motor nerve terminals are triggered by various presynaptic receptors during evoked synaptic activity. For this latter reason, the effects of activation of P2X7 receptors by endogenous ATP can be masked by concurrent inhibition of ACh release mediated by metabotropic A 1 and P2Y13 receptors [14, 15, 26, 29] or by muscarinic receptors [32] . To test this hypothesis, we used Panx1 −/− NMJs in further experiments, since our recent results have shown that in the absence of Panx1, the activation of presynaptic A 1 and P2Y13 receptors by endogenous adenosine or ATP was abolished, leading to the disappearance of purinergic inhibition of synaptic transmission [15] . Our analysis revealed that, in contrast to WT NMJs, the application of a selective exogenous agonist of P2X7 receptors at Panx1 −/− NMJs triggered an increase in the EPP quantal content during the entire short rhythmic train. It is reasonable to suggest that the effect observed in Panx1 −/− mice was due to the unmasking of the P2X7-mediated facilitatory effect on synaptic transmission. Most likely, it is a consequence of the loss of activity of the inhibitory A 1 and P2Y13 receptors, which are deprived of Panx1-mediated release of their endogenous agonists into the synaptic cleft. In addition to our data, the ability of BzATP as P2X7 receptor agonist to modulate neurotransmitter release was demonstrated in central and peripheral synapses, where the direct activation of presynaptic P2X7 receptors by BzATP was suggested [11, [33] [34] [35] [36] [37] . However, the presence of presynaptic P2X7 receptors at nerve terminals has been recently challenged and presynaptic effects of BzATP were considered as a result of activation of glial rather than neuronal P2X7 receptors, followed by release of gliotransmitters [38] . But along with this, there are convincing data demonstrating the localization of P2X7 receptor on nerve terminals of NMJs [2, 11] , whereas the presence of P2X7 receptors on perisynaptic Schwann cells has not been demonstrated yet.
We have also established that the increase in EPP quantal content caused by the application of P2X7 receptor agonist may be prevented by blocking CaM, CaMKII, and L-type VDCCs in Panx1 −/− mice. It should be noted that when applied alone at Panx1 −/− NMJs, none of the blockers induced any changes in ACh release. It is known that P2X7 receptors are incapable of forming large pores in the membranes of motor nerve terminals [11] . Therefore, it is possible to exclude the influence of large molecules released via the P2X7 receptor channels upon their long-term activation by an exogenous agonist on ACh release. Thus, we assumed that the activation of P2X7 receptors triggers a signaling pathway in the motor nerve terminals that includes calcium entry via the P2X7 channels, followed by calcium-dependent sequential activation of CaM and CaMKII and potentiation of L-type VDCCs. It has been shown that in cerebellar granule neurons, the stimulation of P2X7 receptors by exogenous agonists results in CaMKII activation [8] . Presynaptic CaM and CaMKII activation and effects of those proteins on evoked neurotransmitter release have been reported in both CNS and peripheral synapses. However, CaM-and CaMKII-dependent modulation of synaptic transmission resulted in different effects depending on distinct routes of calcium influx, patterns of synapse activation, and so on [39] [40] [41] [42] [43] [44] . Recently, we have shown that in mouse NMJs, both spontaneous and evoked ACh release are insensitive to CaMKII blockers [44, 45] . In addition, we previously identified the conditions under which CaMKII may be activated and oppositely modulate synaptic ACh release. In particular, this occurs during selective activation of alpha7 nicotinic ACh receptors, when CaMKII mediates the inhibition of evoked ACh release [45] . It can also occur during the blockade of presynaptic phosphatase calcineurin, when the L-type VDCCs become disinhibited, leading to the activation of ryanodine receptors and CaMKII, which results in ACh release potentiation [44] . Here, our new data demonstrate that the activity of calcium-permeable P2X7 receptors may serve as an additional source for calcium-dependent CaMKII activation and its potentiating effect on ACh release. L-type VDCCs are known to be present at motor nerve terminals [46] , but they are usually silent and do not contribute to ACh release until they are unmasked. Numerous ways to unmask these channels have been described so far-via inhibition of BK channels [18, 47] , activation of A 2A adenosine receptors [29] , or via inhibition of phosphatases [48, 49] . All of these manipulations resulted in increased secretion of AСh. In the present study, we found that potentiation of presynaptic L-type calcium channels may also be achieved via activation of presynaptic P2X7 receptors. The exact mechanism of this potentiation of L-type VDCCs is not entirely understood. The ability of the α1С-subunit of neuronal L-type VDCCs to interact with CaMKII, leading to an increase in the opening probability of L-type calcium channels, has been shown in various studies at CNS [50] [51] [52] [53] . It is possible that a similar CaMKII-mediated facilitating effect on the activity of L-type VDCCs occurs in motor nerve terminals in response to CaMKII activation by calcium influx via P2X7 receptors. We suggest that P2X7-and CaMKII-mediated upregulation of L-type VDCCs activity provides calcium influx in response to each action potential, thus increasing the quantal content of each EPP from the very beginning of the short 50 Hz train. Unexpectedly, despite the increase in the quantal content of EPPs, we did not observe an increase in the release probability when L-type VDCCs became coupled to the ACh evoked release. An increase in the RRP size was found instead. RRP is defined in the literature as the number of docked synaptic vesicles that may be released in response to action potential. An increase in the RRP size in motor nerve terminals is usually associated with the calcium-dependent recruitment of additional pool of silent active zones and their vesicles into the RRP [21, 27, 42, 54] . We found for the first time that P2X7-induced upregulation of L-type VDCCs in Panx1 −/− NMJs may selectively increase the size of RRP. We suggest that this effect is associated with the recruitment of previously silent active zones, thus increasing the RRP, in response to the appearance of the additional calcium entry via L-type VDCCs during evoked synaptic activity. However, this suggestion requires more detailed and fundamental proofs. We have previously shown that the experimental approach utilizing Panx1 −/− mice and short-term rhythmic stimulation of motor synapses makes it possible to exclude the activation of many (if not all) inhibitory ATP and adenosine receptors by their endogenous ligands [15] . Thus, in the absence of inhibitory A 1 and P2Y13 receptor activity, it became possible to observe (in pure form) the potentiation of ACh release caused by selective activation of P2X7 receptors by their exogenous agonist and to reveal the mechanism of P2X7-induced increase in synaptic transmission at motor synapses with the participation of activated СaM, CaMKII, and L-type VDCCs. In summary, for the first time, we demonstrated that presynaptic P2X7 receptors at NMJs may serve as an additional source for calcium influx, which, however, does not directly affect the rate of calcium-dependent exocytosis of cholinergic vesicles but activates intraterminal calcium-dependent messengers involved in the modulation of ACh release. Moreover, it appears that activation of P2X7 receptors requires special conditions that are not observed during normal rhythmically evoked synaptic activity. It is well known that P2X7 receptors are activated by high concentration of extracellular ATP. Therefore, it is reasonable to suggest that activation of presynaptic Р2Х7 receptors in NMJs may occur upon stress, tissue damage, inflammation, ischemia, or glucose deprivation which are accompanied by a significant increase in extracellular ATP [7, 55] . It remains unclear whether an activation of presynaptic P2X7 receptors under these conditions may potentiate an evoked ACh release like in Panx1 −/− mice.
For the reasons given above, further detailed investigation would be essential to find the conditions under which the activity of P2X7 receptors may be triggered in NMJs of WT mice, leading to the modulation of ACh release, as well as the relative contribution of other presynaptic inhibitory purinergic receptors in the prevention of P2X7-induced potentiation of neurotransmitter release at NMJs. 
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